St USSR A 27H 43 pp. 7-13 April2010 / 7
Journal of the Korean Society for Precision Engineering Vol. 27, No. 4, pp. 7-13

dim

4 & FH-HHZE 75 0lS-HBY AT Il
2N E A88 HHZE G FF0|SH 0= HY

Development of Lightweight Moving Table for Linear Motor using Composite Materials
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Linear motors are efficient mechanism that offers high speed and positioning accuracy. By
eliminating mechanical transmission mechanisms, much higher speeds and greater acceleration
can be achieved without backiash or excessive friction. However, an important disadvantage of
linear motor system is its high power loss and heating up of motor and neighboring machine
components on operation. Therefore, it is necessary to design moving table with high stiffness,
high efficiency and light weight construction. This paper presents the development of moving
table using composite material. In order to develop light weight construction of moving table, finite
element analysis is performed_to-find best moving table construction and composite stacking
sequence. NASTRAN and MINITAB were used as the optimizer. A prototype for the moving table
using composite material was created.

Key Words: Linear Motor (241 ZLE]), Moving Table (0| 85[0} &), Composite Materials (B 4), Lightweight Structure
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Fig. 1 Product of linear motor system
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Fig. 2 Schematic illustration of hybrid laminates
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Dummy weight (981N)

Constrained y. z directions

Fig. 3 FE-model of the moving table

Table 1 Mechanical properties of prepreg

USN 175BX | URN 300B

Ply thickness [mm] 0.17 0.25
Young's modulus [GPa] Bu Bl %0
Ex 8.2 5.1

Poisson's ratio 0.28 0.28

Gys 4.5 5.55

Shear modulus [GPa] | Gy3 45 5.55
Gy 3.5 4.55

Density [kg/mm’] 1,580 1,580

Table 2 Mechanical properties of SUS 304

Ply thickness [mm] 3
Young's modulus [GPa] 200
Poisson's ratio 0.29
Shear modulus [GPa] 86
Density [kg/mm?] 2,869
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Table 3 Analysis conditions

Stacking sequence
Case 1 [0 90 0 904
Case 2 [45 -45 45 -45] 4
Case 3 [0 -45 90 45] 4
Table 4 Results of FEM
Casel | Case2 | Case3
Max. displacement [mm] | 0.0577 | 0.0560 | 0.0565

Von Mises stress [MPa] 14.7 14.7 15.7
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Fig. 4 Deformation result by FEM
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Table 5 Computational experiment plan

Run order |Stacking thickness [mm]| USN 175/ URN 300
1 24.24 3
2 21.52 2.33
3 23.52 1.75
4 23.52 1.75
5 30.96 2.2
6 29.51 1
7 23.52 1.75
8 31.6 1.67
9 19.44 1
10 26.8 0.714
11 23.52 1.75
12 18.8 1.68
13 23.52 1.75
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Table 6 Comparison results of the FEM and RSM

Run | Max. deformation results [mm]

order FEM RSM Frror %)
1 0.0766 0.075 2.1
2 0.0899 0.088 2.2
3 0.0784 0.077 1.8
4 0.0784 0.077 1.8
5 0.0544 0.052 4.6
6 0.0562 0.054 4.1
7 0.0784 0.077 1.8
8 0.0524 0.050 4.8
9 0.101 0.099 2.0
10 0.0632 0.062 1.9
11 0.0784 0.077 1.8
12 0.105 0.104 1.0
13 0.0784 0.077 1.8

m %E}.

§,=0.3006 - 0.0143T + 0.0612R + 0.0002T> (1)
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Fig. 5 Effect plots for deflection

o X
it
_V:l,

ol

o Wk 4

=
p

=2 0111:

I oX

S B o

T

X 0%

o

16 o
n

By

flo -

o2 M

o 1o

o ot
D'P‘E
s

e o

Wl o
o
o LAy
o &
3
)

|
olo
nf
rE
i
N
ot
oﬁ

u-?% ol 2 Eolr}t
Foltt. AZFA 9 %?}%HI%OI A w9y
wEste 2ANSES WY

e o & ol
& i
T o 0
S o
R
IJE ol
Ao
i
-

BN
()
s, 1o

e
A
9%
25%% A1
A
‘u I

7

rir

L
R}
2
X
E

<N
<
B
=3
o
it
2
I of JPN 2
Mo i > >
ox Mo X N
N
)

wh
N
>
fru
ity
:
%
oflh
off
=
rlr rx
b & s
>, o3 X
& o o
=14 3 =X
i)
%m*ﬂ

1NN
e

™
L2 =
=,



April 2010 / 12

Ach
1K
=)
I
lo
1
ol
-
il
wjr
i

Overlaid Contour Plot of Deflection

“Thickness = 315348
Ratio = 2.99421
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Fig. 6 Overlaid contour plot for deflection
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Fig. 7 Stacking pattern for the linear motor moving table
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(b
Fig. 8 Photo of the manufactured moving table: (a) before

finishing process; (b) after finishing process
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Fig. 9 Photo of the manufactured moving table after
grinding process
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